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1

DIELECTRIC PORCELAIN COMPOSITION
AND ELECTRONIC COMPONENT

TECHNICAL FIELD

The present mvention relates to a dielectric porcelain
composition and an electronic component.

RELATED ART

In accordance with high performance digital equipment,
there has been a demand for electronic components achiev-
ing both high Tc and high permittivity. Incidentally, Tc refers
to a ferroelectric transition temperature.

Barium titanate has been widely used as electronic com-
ponents. In electronic components using bartum titanate as
a main component of dielectrics, structural phase transition
1s employed for appearance ol permittivity. In this case,
there must be low Tc for high permittivity, and it 1s dithcult
to achieve both high permittivity and high Tc.

If an oxymtride, which 1s typified by SrTaO,N, can be
used as a main component of dielectrics, structural phase
transition 1s not utilized for appearance of permittivity, and
it 1s thereby considered that both high permittivity and high
Tc can be achieved. It 1s, however, diflicult to employ an
oxynitride, which 1s typified by SrTaO,N, as a main com-
ponent of bulk dielectrics. Specifically, nitrogen disappears
in a {firing step for manufacture of a sintered material of an
oxynitride, which 1s typified by SrTaO,N, and it 1s thereby
difficult to manufacture bulk dielectrics.

For example, Patent Documents 1 and 2 disclose a method
of manufacturing a powder of perovskite-type oxynitride
ABO,N. Patent Documents 1 and 2, however, do not dis-
close that a ferroelectric sintered material 1s actually
obtained by molding a powder into a predetermined shape.
Non-patent Document 1 discloses that a thin film comprising,
perovskite-type oxynitride ABO,N 1s manufactured, but
does not disclose that a ferroelectric sintered material 1s
obtained.

PATENT DOCUMENT

Patent Document 1: Japanese Laid-Open Patent Publication
No. S61-122108

Patent Document 2: Japanese Laid-Open Patent Publication
No. 2013-001625

NON-PATENT DOCUMENT

Non-Patent Document 1:
10.1038/srep04987

Scientific Reports 4. DOI:

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The present invention has been achieved under such
circumstances. It 1s an object of the mvention to provide a
dielectric porcelain composition exhibiting ferroelectricity
and an electronic component.

Solution to Problem

A dielectric porcelain composition according to the pres-
ent 1nvention comprises polycrystals having a main compo-
nent of a perovskite-type oxynitride and exhibiting ferro-
clectricity.
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Preferably, the polycrystals comprise a sintered material.

Preferably, the main component of the perovskite-type
oxynitride 1s represented by A_B,O_N_ (a+b+o+n=>35), where
“A” 1s one or more elements selected from Sr, Ba, Ca, La,
Ce, Pr, Nd, and Na, and where “B” 1s one or more elements
selected from Ta, Nb, T1, and W.

Preferably, the dielectric porcelain composition according
to the present invention comprises a region satistying a/b>1
and 0/2>n=0.7.

Preferably, the dielectric porcelain composition according

to the present invention comprises a plurality of crystal
particle phases and a crystal grain-boundary phase present
among the crystal particle phases.
Preferably, A, >A _ and B <B. are satisfied, where A_
(mol %) 1s a concentration ol A-site ions present in the
crystal particle phases, B, (mol %) 1s a mol concentration of
B-site 1ons present 1n the crystal particle phases, A_ . (mol
%) 1s a mol concentration of A-site 1ons present in the crystal
grain-boundary phases, and B_ . (mol %) 1s a mol concen-
tration of B-site 1ons present in the crystal grain-boundary
phases.

Preferably, a composition of the crystal particle phases 1s
closer to ABO,N than a composition of the crystal grain-
boundary phases.

Preferably, crystal lattice 1s continuous between the crys-
tal particle phases and the crystal grain-boundary phases.

An electronic component according to the present mven-
tion comprises the dielectric porcelain composition.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1A 1s a schematic view of a polarization pattern
manufactured in a piezoelectric response test.

FIG. 1B 1s an Acos 1mage of a polarization pattern
manufactured in a piezoelectric response test.

FIG. 2A 15 an element mapping of Sr on a cut surface of
a dielectric porcelain composition manufactured in Example
1.

FIG. 2B 1s a result of a horizontal line analysis in the
clement mapping of FIG. 2A.

FIG. 2C 1s aresult of a vertical line analysis 1n the element
mapping ol FIG. 2A.

FIG. 3A 1s an element mapping of Ta on a cut surface of
a dielectric porcelain composition manufactured in Example
1.

FIG. 3B 1s a result of a horizontal line analysis in the
clement mapping of FIG. 3A.

FIG. 3C 1s aresult of a vertical line analysis 1n the element
mapping of FIG. 3A.

FIG. 4A 1s an element mapping of O on a cut surface of
a dielectric porcelain composition manufactured in Example
1.

FIG. 4B 1s a result of a horizontal line analysis in the
clement mapping of FIG. 4A.

FIG. 4C 1s aresult of a vertical line analysis 1n the element
mapping ol FIG. 4A.

FIG. 5A 1s an element mapping of N on a cut surface of
a dielectric porcelain composition manufactured in Example
1.

FIG. 5B 1s a result of a horizontal line analysis in the
clement mapping of FIG. SA.

FIG. 5C 1s a result of a vertical line analysis 1n the element
mapping of FIG. 5A.

FIG. 6 1s a STEM 1mage of a dielectric porcelain com-
position manufactured 1n Example 1.

FIG. 7 1s a STEM 1mage of a dielectric porcelain com-
position manufactured 1n Example 1.
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FIG. 8 1s an analysis result of compositions of crystal
particle phases and a crystal grain-boundary phase shown in

FIG. 7 by STEM-EDS.

MODES FOR CARRYING OUT TH.
INVENTION

L1l

Hereinafter, the present invention 1s described based on an
embodiment.

A dielectric porcelain composition according to the pres-
ent embodiment includes polycrystals having a main com-
ponent of a perovskite-type oxynitride and exhibiting fer-
roelectricity.

The perovskite-type oxynitride can be represented by a
composition formula of A B,O N (a+b+0o+n=3). “A” 1s an
A-site 10n of the perovskite-type oxynitride. “B” 1s a B-site
ion of the perovskite-type oxymitride.

Preferably, “A” 1s one or more elements selected from Sr,
Ba, Ca, La, Ce, Pr, Nd, and Na. “A” 1s more preferably one
or more elements selected from Sr, Ba, La, and Nd because
high capacitance can be obtained, and “A” 1s the most
preferably Sr. Preferably, “B” 1s one or more elements
selected from Ta, Nb, Ti, and W. “B” 1s more preferably one
or more elements selected from Ta and T1 because a dielec-
tric porcelain composition having less different phases can
be obtained, and “B” 1s the most preferably Ta.

Moreover, the dielectric porcelain composition according,
to the present embodiment preferably includes a region
satistying a/b>1 and o/2>nz0.7. This reason 1s described
below.

In the perovskite-type oxynitride, a total of an average
valence of the A-site 1on and an average valence of the B-site
ion 1s preferably (7xX) valence (X<0.3), and 1s the most
preferably seven valent (X=0).

Here, the average valence refers to an averaged value of
valences of 1ons present in the A-site and B-site based on
their abundance ratio. For example, there 1s a case where Sr
and La are present by 4:1 1n the A-site and Ta and Ti are
present 1n the B-site by 4:1. The valence of Sr 10ns 1s two,
and the valence of La 1ons 1s three. Thus, a 1s calculated by
Formula (1) below, where a 1s the average valence of Sr and
[La 1n this case. Moreover, the valence of Ta 1ons 1s five, and
the valence of Ti1 1ons 1s four. Thus, 3 1s calculated by
Formula (2) below, where [3 1s the average valence of Ta and
T1 1n this case. Then, 0=2.2 and p=4.8 are satisfied, and the
total (a+[3) of these average valences 1s seven.

a = (valence of Sr 10ns) X (abundance ratio of S¥ 10ns) + Formula (1)
(valence of La 1ons) X (abundance ratio of La 1ons) =
2x4/5+3x1/5=2.2
B = (valence of 7a 1ons) X (abundance ratio of 7a 1ons) + Formula (2)

(valence of 7% 1ons) X (abundance ratio of Ti 10ns) =

Sx4/5+4%1/5=48

Incidentally, a total of average valences of the present
application 1s calculated with a/b=1 when having A-site rich
or B-site rich, that 1s, even 11 having a/b=1. In the above case,
for example, the total of average valences 1s 2.2+4.8=7 even
il having a/b=1.2.

Moreover, the dielectric porcelain composition includes a
crystal grain-boundary phase present among two or more
crystal particle phases having a main component of the
perovskite-type oxynitride. Incidentally, the crystal particle
phases and the crystal grain-boundary phase can be distin-

guished by SEM-EDS etc.
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Preferably, A, _>A. and B__<B, are satisfied, where A
(mol %) 1s a concentration of A-site 1ons present in the
crystal particle phases, B, (mol %) 1s a mol concentration of
B-site 1ons present 1n the crystal particle phases, A_ . (mol
%) 1s a mol concentration of A-site 1ons present in the crystal
grain-boundary phase, and B__, (mol %) 1s a mol concen-
tration of B-site 1ons present in the crystal grain-boundary
phase. When A__>A. and B__<B. are satisfied, O can
stably be present in the crystal graimn-boundary phase, and
grain-boundary insulation 1s improved.

The concentration of each element 1n the crystal particle
phases and the crystal grain-boundary phase 1s measured by
any method. For example, this concentration can be mea-
sured using EPMA etc.

Moreover, a composition of the crystal particle phases 1s
preterably closer to ABO,N than a composition of the
crystal grain-boundary phase. Here, what a composition 1s
close to ABO,N means that a composition 1s close to a
stoichiometric ratio of ABO,N, and means that a composi-
tion 1s close to a:b:omn=1:1:2:1.

More specifically, a composition of the crystal particle
phases preferably satisfies 1.0=a=<1.2, 0.1=b=0.9, 1.5=0<2.5,
and 0.1=n=1.0.

Moreover, crystal lattice of the crystal particle phases and
the crystal grain-boundary phase are preferably continuous.
The fact that crystal lattice 1s continuous can be confirmed
by analysis of scanning transmission electron microscope
(STEM), for example. When the STEM analysis 1s carried
out, an arrangement state of crystal lattice in the crystal
particle phases and the crystal grain-boundary phase can be
observed as a lattice stripe. For example, when an arrange-
ment state of crystal lattice 1n the crystal particle phases and
the crystal gramn-boundary phase i1s observed as a lattice
stripe and 90% or more of the entire lattice stripe 1s
continuous while interposing interfaces of the crystal par-
ticle phases and the crystal graimn-boundary phase, 1t can be
said that crystal lattice 1s continuous. Then, when crystal
lattice 1s continuous, crystal structure 1s similar.

The STEM analysis 1s carried out at any magnification
where a lattice stripe can be observed, such as around
2,000,000 times, although 1t depends upon a device and a
camera length (a valid distance from a specimen to a surface
where a diffraction pattern to be observed 1s formed).
Moreover, both of the crystal particle phases and the crystal
grain-boundary phase preferably have a perovskite-type
structure. When crystal lattice 1s continuous, it 1s assumed
that the crystal particle phases and the crystal grain-bound-
ary phase have the same crystal structure. That 1s, when the
crystal particle phases have a perovskite-type structure and
crystal lattice 1s continuous, 1t 1s assumed that the crystal
grain-boundary phase also has a perovskite-type structure.

In an 1mage obtained as a result of the STEM analysis,
crystal lattice 1s continuous and brightness 1s different,
between the crystal particle phases and the crystal grain-
boundary phase. In the STEM 1mage obtained by the STEM
analysis, contrast varies 1n accordance with atomic number
of a portion being observed. That 1s, the diflerence 1n
brightness 1n the STEM 1mage means that compositions are
different.

In the dielectric porcelain composition according to the
present embodiment, the crystal particle phases have ferro-
clectricity, and permittivity 1s extremely high due to ferro-
clectricity of the crystal particle phases. That is, 1f obtaining
high permittivity 1s only considered, it is conceivable that an
abundance ratio of the crystal grain-boundary phases should
be small. In the dielectric porcelain composition according
to the present embodiment, however, grain-boundary 1nsu-
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lation 1s preferably maintained. Thus, the crystal grain-
boundary phases are preferably present to some degree.

Here, 1n order to avoid disturbance of improvement in
permittivity due to ferroelectricity of the crystal particle
phases and to maintain grain-boundary insulation, crystal
lattice 1s preferably continuous, and an O content of the
crystal grain-boundary phase is larger than an O content of
the crystal particle phases. Incidentally, the composition of
the crystal particle phases and the composition of the crystal
grain-boundary phase can be confirmed by electron probe
micro analyzer (EPMA), scanning transmission electron
microscope-energy dispersive X-ray spectroscopy (STEM-
EDS), or the like.

In the dielectric porcelain composition according to the
present embodiment, a Sr content and an O content are
relatively large at a portion around the outermost surface
(this portion refers to an outermost layer below). Thus, the
outermost layer 1s a portion satistying a/b>1 and o/2>n=0.7.
The outermost layer has any thickness, but a portion whose
depth from the outermost surface 1s approximately 8 um 1s
considered as the outermost layer satisfying a/b>1 and
0/2>n=0.7 1n the dielectric porcelain composition according
to the present embodiment. Preferably, a/b 1s 1.1 or more.

The dielectric porcelain composition according to the
present embodiment may include an auxiliary component.
There 1s no particular limit to type or content of the auxihary
component, and the auxiliary component may be included as
long as characteristics of dielectric porcelain composition
are not aflected. Examples of the auxihiary component
include a sintering additive of SrCO,, SrO, etc. For example,
the amount of the auxiliary component may be 5 wt % or less
provided that the amount of the main component 1s 100 wt
%.

The dielectric porcelain composition according to the
present embodiment 1s characterized by exhibiting ferro-
clectricity. In the present embodiment, a state where ferro-
clectricity 1s exhibited refers to a state where a polarization
pattern can be confirmed when using a piezoresponse micro-
scope (PRM) with predetermined conditions. Incidentally,
presence or absence of ferroelectricity and degree of relative
permittivity do not necessarily correspond to each other.
Method of Manutacturing Dielectric Porcelain Composition

Next, a method of manufacturing the dielectric porcelain
composition 1s described. Hereinatter, A-site atom 1s Sr and
B-site atom 1s Ta, but the dielectric porcelain composition 1s
manufactured similarly even 11 other elements are employed.

First of all, a perovskite-type SrTaO,N powder 1s manu-
factured.

The perovskite-type SrTaO,N powder 1s manufactured by
any method, such as a gelation nitridation method and a
solid-phase reaction method.

In the gelation nitridation method, for example, a gel
substance 1s obtained by heating SrCO,, TaCl., citric acid,
and absolute ethanol at 50 to 150° C. while stirring them for
0.5 to 3 hours. Glycine, EDTA, etc. may be used instead of
citric acid, and ethanol etc. may be used 1nstead of absolute
cthanol.

Next, the resulting gel substance 1s calcined at 250 to 450°
C. for 1 to 3 hours, and an amorphous oxide precursor 1s
obtained. The calcination 1s carried out in any atmosphere,
such as the air.

Next, the resulting amorphous oxide precursor 1s sub-
jected to a mitriding reaction, and a perovskite-type SrTaO,N
powder can be obtained. The nitriding reaction can be
carried out using, for example, a tubular furnace, but may be
carried out using another furnace. When a tubular furnace 1s
used, the perovskite-type SrTaO,N powder can be obtained
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by supplying NH; at 40 to 200 ml/min and heating the
amorphous oxide precursor at 900 to 1000° C. for 5 to 24
hours.

In the solid-phase reaction method, a SrTaO,N precursor
can be obtained by heating the SrCO, powder and the Ta,O.
powder at 1100 to 1300° C. for 12 to 40 hours while
pulverizing them every 6 to 10 hours. This heating 1s carried
out in any atmosphere, such as the air.

Next, the resulting Sr,Ta,O, precursor 1s subjected to a
nitriding reaction, and a perovskite-type SrTaO,N powder
can be obtained. The nitriding reaction can be carried out
using, for example, a rotary kiln furnace, but may be carried
out using another furnace. When a rotary kiln furnace 1is
used, the perovskite-type SrTaO,N powder can be obtained
by supplying NH; at 40 to 200 ml/min and heating the
Sr,’Ta,O., precursor for 80 to 120 hours while pulverizing it
every 10 to 20 hours at 900 to 1000° C.

The perovskite-type SrlaO,.N powder obtained by the
above method may be mixed with a sintering additive of
SrCO,. When the perovskite-type SrTaO,N powder 1s mixed
with SrCO,, the amount of SrCO, 1s preferably 2 to 5 wt %
with respect to 100 wt % of the perovskite-type SrTaO,N
powder.

Next, the perovskite-type SrTaO,N powder 1s subjected to

a CIP molding at a pressure of, for example, 100 to 200 MPa,
and a SrTa0O,N green compact 1s obtained. The perovskite-
type SrTa0O,N powder 1s not limited to being molded by a
CIP molding, and may be molded by another method, such
as dry molding and wet molding.
The resulting SrTaO,N green compact 1s fired, and a
dielectric porcelain composition i1s obtained. In the present
embodiment, the finng temperature 1s particularly 1mpor-
tant. The fining temperature 1s 1400° C. or more, preferably
1400 to 1450° C. When the firing temperature 1s 1400° C. or
more, 1t 1s assumed that some of N contained 1n the SrTaO,N
green compact are removed and defects are generated 1n the
crystal particles. The finng time 1s not limited, but is
preferably 3 to 6 hours. The firing atmosphere 1s not limited,
but 1s preferably an N, atmosphere of 0.1 to 0.6 MPa.

Here, 1t 1s considered that defects generated by the firing,
particularly defects present around the outermost layer, are
filled with N by an annealing treatment in an atmosphere
including NH;, and a dielectric porcelain composition
according to the present embodiment can be obtained.
Preferably, the annealing treatment 1s carried out at 900 to
1050° C. Preferably, the annealing time 1s 5 to 20 hours. In
the annealing treatment, NH, 1s preferably supplied at a rate
of 40 to 200 ml/min. When the annealing temperature, the
partial pressure of O,, the supply rate of NH,, and the like
are adjusted appropriately, Sr can be excessive compared to
Ta and O can be excessive compared to N, around the
outermost layer.

A dielectric porcelain composition where a portion satis-
tying a/b>1 and 0/2>n=0.7 with a main composition of
A_B,O _N 1s mainly formed around the outermost layer can
be obtained by the above-mentioned manufacturing process.

A dielectric porcelain composition where crystal lattice 1s
continuous between the crystal particle phases and the
crystal grain-boundary phase can be obtained by the above-
mentioned manufacturing process.

In the dielectric porcelain composition according to the
present embodiment, a/b>1 1s satisfied around the outermost
layer, that 1s, a portion of A-site rich i1s included, and N
thereby becomes hard to be removed during the annealing,
whereby N and O are finally filled sufliciently. Thus, the
dielectric porcelain composition according to the present
embodiment exhibits a ferroelectricity that can obtain piezo-




US 10,696,598 B2

7

clectric response. Moreover, when a/b>1 1s satisfied around
the outermost layer, a suflicient amount of O satisiying
0/2>nz0.7 1s filled around the outermost layer of the dielec-
tric porcelain composition according to the present embodi-
ment, and insulation can be achieved.

Preferably, 0/2>n=0.7 1s satisfied around the outermost
layer of the dielectric porcelain composition according to the
present embodiment. When the amount of defects around the
outermost layer i1s reduced like o/2>n=0.7, dielectric char-
acteristics can be high.

There 1s no particular limit as to a method of obtaining an
clectronic component from the dielectric porcelain compo-
sition according to the present embodiment. For example, a
single-plate type ceramic capacitor, which i1s one of elec-
tronic components, can be obtained by forming electrodes in
such a manner that Pt electrodes, Ag electrodes, or the like
are printed on face-to-face two surfaces of a green compact
comprising the resulting dielectric porcelain composition
and are baked as necessary.

An embodiment of the present invention 1s described
above, but the present invention 1s not limited to the embodi-
ment, and may of course be achieved 1n variously diflerent
embodiments within the scope not deviating the gist thereof.

There 1s no limit as to type of the electronic component of
the present invention. Examples of the electronic component
of the present invention include capacitors, thermistors,
filters, diplexers, resonators, transmitters, antennas, piezo-
clectric elements, and ferroelectric memories. In particular,
the electronic component of the present mvention 1s advan-

tageously used as an electronic component requiring ferro-
clectricity.

EXAMPLES

Hereinatter, the present imvention 1s described based on
more detailed examples, but 1s not limited thereto.

Example 1 and Comparative Example 1

In the present examples, a solid-phase reaction method
was employed for manufacture of a perovskite-type
SrTa0O,N powder.

A strontium carbonate (SrCO,) powder and a tantalum
oxide (Ta,O.) powder as raw material powders of the
perovskite-type SrTaO,N powder were prepared so that the
substance amount of Sr and the substance amount of Ta were
approximately the same.

First of all, the SrCO, powder and the Ta,O. powder were
heated for 25 hours at 1200° C. while pulverizing them
every 10 hours, and a Sr,Ta,O, precursor was thereby
obtained. The heating atmosphere was the arr.

Next, the resulting Sr,Ta,O- precursor was subjected to a
nitriding reaction, and a perovskite-type SrTaO,N powder
was thereby obtained. In the nitriding reaction, a rotary kiln
furnace was used. The perovskite-type SrTaO,N powder
was obtained by supplying NH; at 100 ml/min and heating
the Sr,Ta,O, precursor for 100 hours while pulverizing 1t
every 30 hours at 1000° C.

Next, the perovskite-type SrTaO,N powder was subjected
to CIP molding at 150 MPa, and a column green compact of
diameter 5.2 mmxthickness 1.7 mm was obtained.

The green compact was fired in an atmosphere having a
nitrogen partial pressure ol 0.2 MPa at 1400° C. for 3 hours,
and a sintered material was obtained.

Moreover, the sintered material was subjected to an
annealing treatment at 1000° C. The annealing treatment
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was carried out at an ammomnia supply rate of 100 ml/min,
and a dielectric porcelain composition of Example 1 was
obtained.

A composition obtained by removing the surfaces of the
dielectric porcelain composition of Example 1 by 10 um was
considered to be a dielectric porcelain composition of Com-
parative Example 1.

Hereinalter, a measurement method and an evaluation
method of characteristics are described.

(Elemental Intensity of Outermost Layer and Inner Part)

Referring to the cross section of Example 1, mapping
images of elements of Sr, Ta, O, and N were prepared 1n a

visual field of 50 umx50 um including the outermost surface
using an EPMA. The results are shown 1n FIG. 2A to FIG.

S5A. An interface between an outermost surface 2 and an

iner part 26 was visually determined by the mapping
images. In Example 1, the depth of the outermost layer 2a
was about 8 um. Moreover, line analysis was carried out
horizontally with respect to each of a part having a depth of
0 to 8 um 1included in the outermost layer 2a and a part
having a depth of 20 to 50 um 1ncluded 1n the mner part 25,
provided that the outermost surface was 0 um. The results
are shown 1n FIG. 2B to FIG. 5B. Moreover, line analysis
was carried out vertically to any part of the mapping images.
The results are shown 1n FIG. 2C to FIG. 5C.

From the mapping images of FIG. 2A to FIG. 5A, it can
be understood that a concentration distribution of each
clement exhibits a diflerent tendency between the outermost
layer 2a and the mner part 2b. As a result of the horizontal
line analysis shown in FIG. 2B to FIG. 3B, 1t 1s understood
that Sr and O are relatively abundant 1n the depth included
in the outermost layer 2a, and that Ta and N are relatively
abundant in the depth included i1n the inner part 2b. As a
result of the vertical line analysis shown 1n FIG. 2C to FIG.
5C, 1t 1s understood that Sr and O are more abundant 1n the
part included in the outermost layer 2a than the part included
in the inner part 25, and that Ta and N are more abundant 1n
the part included 1n the inner part 26 than the part included
in the outermost layer 2a. It 1s thereby understood that Sr and
O are relatively abundant in the outermost layer 2a and Ta
and N are relatively abundant 1n the inner part 2b.

“a/b”, “0/2”, and “n” of Outermost Layer)

“a/b”, “0/2”, and “n” of the outermost layer were mea-
sured using an EPMA line analysis on the cross section
obtained by cutting the sintered material. An interface
between the outermost layer and the inner part was visually

determined by the mapping images. The results are shown 1n
Table 1.

TABLE 1
Piezoelectric
a/b 0/2 I Response
Example 1 1.04 1.12 0.91 present
Comp. Ex. 1 1.00 1.00 1.00 absent

According to Table 1, “a/b” of Example 1 was 1.04, which
was larger than 1, while “a/b” of Comparative Example 1
was 1.00.

(Piezoelectric Response)

Piezoelectric response was evaluated using AFM and
XRD. In addition, a piezo-response microscope (PRM),
which was one of modes of AFM, was used.

A polarization pattern shown 1 FIG. 1A was formed on
the surfaces of the dielectric porcelain compositions of
Example 1 and Comparative Example 1. Specifically, a
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voltage of —10V was applied to a square of X1=10 um, a
voltage of +10V was subsequently or simultaneously
applied to a central square of X2=7 um, a voltage of —10V
was subsequently or simultaneously applied to a central
square of X3=5 um, a voltage of +10V was subsequently or
simultaneously applied to a central square of X4=3 um, and
a voltage of -10V was subsequently or simultaneously
applied to a central square of X5=1 wm, whereby the
surfaces were polarized. Then, voltage was applied to the
polarization pattern shown i FIG. 1A as an excitation
voltage (external alternating electric field) of -3V to +3V at
scanning frequency 0.5 Hz. As shown in FIG. 1A, there
consequently existed a polarization pattern alternately hav-
ing sections 1a of voltage —10V and sections 15 of voltage
+10V from end to center. Then, an Acos 1mage of the
polarization pattern was observed. The Acos image 1s shown
in FIG. 1B. SEM images after the polarization pattern had
been formed were photographed, and 1t was confirmed that
the surface of the dielectric porcelain composition was not
largely rugged. In Example 1, the polarization pattern was
confirmed as shown 1n FIG. 1B. Thus, 1t was confirmed that
the dielectric porcelain composition of Example 1 had
terroelectricity. On the contrary, no polarization pattern was
confirmed 1n Comparative Example 1.

EPMA analysis was carried out in Example 1 and Com-
parative Example 1. The results are shown in Table 2.
Incidentally, no clear grain-boundary phase was confirmed
in Comparative Example 1, and the composition of mea-

surement points 1n the crystal grain boundary was unmea-
surable. Meanwhile, Example 1 had a comparatively thick
and clear grain-boundary layer of 5 to 50 nm.

TABLE 2
No. Measurement Point ST Ta O N
Example 1 main phase 23.5 20.5 36.6 17.3
main phase 23.9 21.4 35.2 17.4
grain boundary 27.7 16.7 4577 5.1
Comp. Ex. 1 main phase 24.5 21.6 36.2 17.3
main phase 24 .5 21.9 354 17.8

grain boundary

According to Table 2, the compositions of the measure-
ment points 1n the crystal particle of Example 1 were closer
to SrTaO,N than the composition of the measurement point
in the crystal grain boundary with respect to stoichiometry.
Moreover, Sr,, >Sr, and Ta_, <Ta, were satisfied, where
Sr, (mol %) was a concentration of Sr 10ns present in crystal
particle phases of Example 1, Ta, (mol %) was a mol
concentration of Ta 1ons present in the crystal particle
phases, Sr_ . (mol %) was a mol concentration of Sr ions
present 1n the crystal grain-boundary phases, and Ta__, (mol
%) was a mol concentration of Ta 1ons present 1n the crystal
grain-boundary phases.

Moreover, electrodes were formed on both surfaces of the
dielectric porcelain composition of Example 1 and Com-
parative Example 1, and capacitor samples were manufac-
tured.

(Relative Permittivity (g))

Relative permittivity a of the capacitor samples of
Example 1 and Comparative Example 1 was measured.
Relative permittivity € of the capacitor samples was calcu-
lated from capacitance measured under conditions of fre-
quency 400 Hz and 1nput signal level (imeasurement voltage)
500 mVrms using an impedance analyzer at reference tem-

perature 20° C. The results are shown 1n Table 3.
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(Density of Sintered Material)

Density of sintered material of the capacitor samples of
Example 1 and Comparative Example 1 was measured.
Density of sintered material was defined as ratio provided
that theoretical density was 100%. In the present examples,
a density of sintered material of 80% or more was consid-
ered to be good.

TABLE 3
Density of sintered Piezoelectric
material (%) € (400 Hz) Response
Example 1 80 3500 present
Comp. Ex. 1 95 21000 absent

According to Table 3, the dielectric porcelain composition
of Example 1 had piezoelectric response and exhibited
terroelectricity, while the dielectric porcelain composition of
Comparative Example 1 had a relative permittivity that was
higher than a relative permittivity of Example 1 but did not
exhibit ferroelectricity.

Example 1 was subjected to XRD analysis, and 1t was
confirmed that the dielectric porcelain composition of
Example 1 was a perovskite-type oxynitride.

(Continuity of Crystal Lattice and Compositions of Crystal
Particle Phase and Crystal Grain-Boundary Phase)

A surface portion of ferroelectric layer was taken from the
dielectric porcelain composition of Example 1 using a
focused 10n beam (FIB) and was turned 1nto flakes. There-
alter, STEM analysis was carried out at a magnification of
1800,000 times, and crystal particle phases 11a and 115 and
a crystal grain-boundary phase 13 were observed. The
STEM 1mage 1s shown in FIG. 6. Incidentally, an interface
between the crystal particle phase 11a¢ and the crystal
grain-boundary phase 13 was defined as an interface 15a,
and an interface between the crystal particle phase 115 and
the crystal grain-boundary phase 13 was defined as an
interface 155.

As understood from FIG. 6, each of the crystal particle
phases 11a and 115 and the crystal grain-boundary phase 13
had a lattice pattern, and the lattice patterns were continuous
while interposing the crystal particle phases 11a and 115.
That 1s, 1t 1s understood that the crystal lattice of the
dielectric porcelain composition of Example 1 was continu-
ous between the crystal particle phases 11a and 115 and the
crystal grain-boundary phase 13.

Moreover, FIG. 7 1s a part of a STEM 1mage obtained by
STEM analysis at a similar magnification. FIG. 8 1s a result
of line analysis for the crystal particle phase 1a, the crystal
grain-boundary phase 13, and the crystal particle phase 115
of FIG. 7 using STEM-EDS. FIG. 8 does not illustrate the
interface 15a or the intertace 1556. Incidentally, the length of
the line analysis was 110 nm.

As understood from FIG. 8, the Sr content and the O
content were larger and the Ta content and the N content
were smaller 1n the crystal grain-boundary phase 13, com-
pared to the crystal particle phases 11a and 115. In particular,
the O content was large 1n the crystal grain-boundary phase
13, and 1t 1s thereby possible to maintain grain-boundary
insulation and obtain a comparatively high permittivity.

DESCRIPTION OF THE REFERENCE

NUMERALS
la . . . section at voltage -10V
15 . . . section at voltage +10V
2a . . . outermost layer
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2b . . . 1nner part
11a, 115 . . . crystal particle phase

13 . . . crystal grain-boundary phase
15a, 156 . . . interface

The 1nvention claimed 1s:

1. A dielectric porcelain composition, comprising poly-
crystals having a main component of a perovskite-type
oxynitride and exhibiting ferroelectricity,

wherein the maimn component of the perovskite-type

oxynitride 1s represented by A_B,O_N  (a+b+o+n=>5),
where “A” 1s one or more elements selected from Sr,
Ba, Ca, La, Ce, Pr, Nd, and Na, and where “B” 1s one
or more elements selected from Ta, Nb, Ti, and W, and
the dielectric porcelain composition comprises a region
satisiying a/bz=1.04 and o/2>n=0.7.

2. The dielectric porcelain composition according to
claim 1, wherein the polycrystals comprise a sintered mate-
rial.

3. The dielectric porcelain composition according to
claim 1, comprising a plurality of crystal particle phases and
a crystal gramn-boundary phase present among the crystal
particle phases.

4. The dielectric porcelain composition according to
claim 3, wheremm A__>A. and B___<B. are satisfied, where
A, (mol %) 1s a concentration of A-site 10ons present 1n the
crystal particle phases, B, (mol %) 1s a mol concentration of
B-site 1ons present in the crystal particle phases, A_ . (mol
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%) 1s a mol concentration of A-site 1ons present 1n the crystal
grain-boundary phase, and B_ . (mol %) 1s a mol concen-
tration of B-site 1ons present 1n the crystal grain-boundary
phase.

5. The dielectric porcelain composition according to
claim 3, wherein a composition of the crystal particle phases
1s closer to ABO,N than a composition of the crystal
grain-boundary phase.

6. The dielectric porcelain composition according to
claim 4, wherein a composition of the crystal particle phases
1s closer to ABO,N than a composition of the crystal
grain-boundary phase.

7. The dielectric porcelain composition according to
claim 3, wherein crystal lattice 1s continuous between the
crystal particle phases and the crystal grain-boundary phase.

8. The dielectric porcelain composition according to
claim 4, wherein crystal lattice 1s continuous between the
crystal particle phases and the crystal grain-boundary phase.

9. The dielectric porcelain composition according to
claim 5, wherein crystal lattice 1s continuous between the
crystal particle phases and the crystal grain-boundary phase.

10. The dielectric porcelain composition according to
claim 6, wherein crystal lattice 1s continuous between the
crystal particle phases and the crystal grain-boundary phase.

11. An electronic component comprising the dielectric
porcelain composition according to claim 1.
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